Only very small emissions were modelled or measured outside these events. In the model, emissions
INTRODUCTION

36
The contribution of managed grasslands to reducing atmospheric greenhouse gas (GHG) 37 concentrations through net uptake of CO 2 (Ammann et al., 2005 ) may be at least partially offset by net earlier process models.
94
Process models used to simulate N 2 O emissions must also accurately represent the key processes 95 of C cycling which drive those of N cycling from which N 2 O is generated and consumed. These include 96 gross and net primary productivity (GPP and NPP) which drive mineral N uptake and assimilation with 97 plant growth. GPP and consequent plant growth also drive autotrophic respiration (R a ), the below- hence affect the availability of alternative e -acceptors for nitrification and denitrification. NitroEurope-IP database using the HMR algorithm. downwards so that the LAI cut from each PFT depended on the leaf area of the PFT in these layers.
331
Of the phytomass cut with the LAI, a fraction of 0.76 was removed as harvest and the remainder was (Table 2 ). These differences in emissions indicated differences in ecological controls 374 imposed by environmental conditions (θ and T s ) and plant management during each event.
375
Uncertainty in the measured events was estimated to be ~30% of their values. (Fig. 3a,b) . The soil then dried during several days without precipitation and warmed with reduced shading from defoliation ( Fig. 1 ) until DOY 200, after which the soil wetted 385 with further precipitation and cooled with increased shading from plant regrowth (Fig. 3a,b) . The 386 higher θ measured during this period (Fig. 3b) CO 2 influxes were also reduced by low LAI after cutting, but recovered to pre-cut levels by the 394 end of the emission event (Fig. 3d) , driving rapid regrowth of LAI ( those measured in the chambers (Fig. 3h) . These emissions rose immediately with the onset of 407 precipitation on DOY 200 (Fig. 3a) before wetting at 5 cm (Fig. 3b) , indicating that emissions were 408 driven by surface wetting (Fig. 3e) recovering plant growth, driven by rising CO 2 influxes (Fig. 3d) , caused both emissions to return to 414 background levels (Fig. 3h) .
In 2009, a period of low precipitation with soil drying and warming occurred between 417 harvesting in late July and manure application on DOY 218 in early August, followed by heavy 418 precipitation with soil wetting and cooling on DOY 220 (Fig. 4a,b) . LE effluxes and CO 2 influxes 419 declined sharply with LAI after cutting, and did not recover to pre-cut levels by the end of the 420 subsequent emission event on DOY 224 (Fig. 4c,d model which were consistent in magnitude with those measured in the chambers (Fig. 4h) . Diurnal 425 variation modelled with soil warming and cooling (Fig. 4a) was not apparent in the measurements, (Table 2) caused by the slow recovery of plant CO 2 uptake and hence growth after cutting (Fig. 4d) .
429
The rises in [N 2 O (s) ] also drove rises in modelled N 2 emissions (Fig. 4h) to fall (Fig. 4g) , while θ at 5 cm remained high (Fig. 4b) , again indicating that litter was an important (Fig. 4g ). (Fig. 4h vs. Fig. 3h ), in spite of smaller N addition (Fig. 2f vs. Fig. 2d ; Table 2 ) and similar θ 439 and T s modelled and measured at 5 cm (Fig. 4a,b vs. Fig. 3a,b) . These greater emissions were 440 attributed in the model to (1) earlier and heavier precipitation after manure application (2 days after 441 application in Fig. 4a vs. 6 days in Fig. 3a) , and (2) slower recovery of CO 2 fixation after defoliation,
442
indicated by slower rises in diurnal amplitude of CO 2 fluxes (Fig. 4d vs. Fig. 3d ). Heavier (Fig. 4f,g   445 vs. Fig. 3f,g ). (Figs. 6, 7) .
456
Slower LAI regrowth from increasing and delaying defoliation following manure application on DOY (Table 2 ) slowed the recovery of CO 2 fixation (Fig. 6a) and of NH 4 + uptake (Fig. 6b) , consistent with measurements (Fig. 6f) . Increases in emissions modelled with slower LAI regrowth,
462
particularly from delayed harvesting (Fig. 6f) , were attributed to slower N uptake (Fig. 6b ) and hence 463 larger [NO 3 -] in litter and surface soil (Fig. 6c) , and to warmer and wetter soil (Fig. 6d,e (Fig. 6i) . Lower LAI also caused increases in T s (Fig. 6j) and θ (Fig. 6k) (Fig. 3f,g ). Emissions modelled with increased 473 and delayed harvesting rose from those with field harvesting as the emission event progressed ( ] from the manure application persisted longer during the event (Fig. 6i) . Emissions modelled and measured following fertilizer application on DOY 259 in 2005 (Table   477 2) remained small after soil wetting (Fig. 7f ) because lower T s (Fig. 7d ) slowed soil respiration after 478 wetting, manifested as smaller measured and modelled CO 2 effluxes (Fig. 7a) , and so slowed demand 479 for e -acceptors. Under these conditions, increasing and delaying defoliation had little effect on 480 modelled N 2 O emissions (Fig. 7f) , while CO 2 fixation (Fig. 7a) and N uptake (Fig. 7b) were only 481 slightly reduced and surface NO 3 -only slightly increased (Fig. 7c) . Emissions modelled and measured 2005 because soils were warmer ( Fig. 7j ) with more rapid respiration (Fig. 7g) , and because fertilizer 484 application and subsequent wetting occurred sooner after cutting (Table 2 ). Consequently recovery of 485 CO 2 fixation was less advanced (Fig. 7g) , reducing cumulative N uptake (Fig. 7h) 
Effects of Defoliation Intensity and Timing on Annual Productivity and N 2 O Emissions
492
In the model, plant management practices affected LAI regrowth (Fig. 5) following summer applications of fertilizer and manure (Fig. 2e,f) . Annual N inputs (Table 3) (Table 3) . During this period, annual emissions rose by an 535 average of 24% with increased harvest intensity, and by an average of 43% with increased harvest 536 intensity and delayed harvest dates. These increases were attributed to reduced N uptake, and to 537 increased T s and θ (Figs. 6, 7) . remained small until mineral N was raised by fertilizer applications in July (Fig. 2c) . Consequently modelled N 2 O emissions were highly sensitive to surface wetting and drying (e.g.
592 Fig. 3e,h ) modelled from precipitation vs. ET (e.g. Fig. 3a,c) , or to surface warming and cooling (e.g.
593
Fig. 7i,l) modelled from surface energy balance (e.g. Fig. 3a,c) . The sensitivity to surface wetting and 594 drying was modelled from the effects of θ on air-vs. water-filled porosity and hence on diffusivity of ( Fig. 3a,h ), and after slurry application during DOY 218 in 2009 (Fig. 4a,h) , even when the soil at 5 605 cm remained dry ( Fig. 3b; Fig. 4b ). Such rises were consistent with the experimental findings of 
618
Under sustained high surface θ, diurnal surface warming and cooling could drive large diurnal vs. Fig. 7f ). 
22
[H20]. The consequent production of N 2 O (Figs.3g, 4g) and N 2 drove emissions (Fig. 3h, 4h) intensity and delaying harvest dates both slowed N uptake (Fig. 6b,h and Fig. 7b,h ) by slowing the 662 recovery of LAI (Fig. 5) and CO 2 fixation (Fig. 6a,g and Fig. 7a,g ). Both thereby increased [NO 3 -]
663
( Fig. 6c,i and Fig. 7c,i) , T s (Fig. 6d,j and Fig. 7d ,j) and θ (Fig. 6e,k and Fig. 7e,k) , raising N 2 O 664 effluxes modelled during most emission events (Fig. 6f,l and Fig. 7f,l) , and hence annually (Table 3) . slower-growing plants.
669
The effects of defoliation on N 2 O emissions during modelled emission events were similar to,
670
or greater than, those of T s and θ (e.g. Fig. 6f,l) , consistent with the experimental finding of Imer et al.
671
(2013) that plant management, as represented by its effects on LAI, had a larger effect on N 2 O fluxes 672 than did the environment, as represented by T a , at an intensively managed grassland in Switzerland.
673
Reducing LAI remaining after harvest by one-half and delaying harvest by 5 days had little effect on Table 2 ). Table 2 ). For fluxes, positive values represent influxes to the soil, negative values effluxes to the atmosphere. 
